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SPECIFICATION 

Process for the chemical removal of phosphorus compounds from waste water and process for 
the purification of waste water 

The invention relates to a process for the chemical removal of phosphorus compounds from waste 
5 water by treating the waste water containing phosphorus compounds with one or more metal 5 
compounds to form a water-insoluble metal phosphate compound. 

As it is not very desirable for waste water containing dissolved phosphorus compounds to be 
discharged into surface water in connection with the eutrophication of the surface water occurring 
partly on account of this, various systems have been developed for removing dissolved phosphorus 
10 compounds from waste water. . ..... 10 

These systems can be divided into two groups: those using chemical and those using biological 

removal. „ . . , ... . . 

As is known, the bacteria present in the activated sludge that is applied in the biological 
purification of waste water already remove some phosphate from the waste water, for a certain amount 

1 5 of phosphate is necessary for normal cell growth. This, however, is only a very small part of the total 1 5 
amount of phosphate to be removed. m 

Also known, however, are processes in which activated sludge under certain operating conditions 
assimilates a substantially larger amount of phosphorus than is required for normal cell growth (luxury 
uptake). By aeration the microorganisms are made to take up more phosphate than is required for their 

20 cell growth. After the sludge has settled, an effluent containing practically no phosphate is obtained. 20 
The sludge is then transported to an anaerobic tank (normal open tank without aeration); here the 
microorganisms consume the remaining part of the oxygen introduced by the aeration and give off the 
phosphate taken up additionally. Thus a phosphate-rich liquid is obtained, from which the phosphate 
can be precipitated chemically. The precipitate now is highly concentrated. This method can be applied 

25 already in the existing so-called second step (biological purification). A special form of biological 25 
dephosphatizing is obtained with the aid of autotrophic microorganisms that obtain their energy by 
oxidation of Fe ++ to Fe +++ and assimilation of C0 2 . This results In a very strong decrease of the 
phosphate content 

Dephosphatizing can also be effected by subjecting the waste water coming from the biological 
30 purification to the influence of sunlight and nitrogen in so-called lagoons, thus promoting the growth of 30 
algae. In a large number of countries, however, this method of dephosphatizing cannot be used in 
connection with the scarcity of sunlight and the winter conditions. 

A disadvantage of the first two biological processes, however, is that either they are rather 



35 



laborious, or they require very specific microorganisms. 

The chemical methods virtually exclusively amount to the treatment of the waste water with Iron, 35 
aluminium and/or calcium compounds, which is attended by the precipitation of water-insoluble 
phosphates. In this context, 'water-insoluble metal phosphate compounds' are understood to mean 
metal phosphate compounds the solubility product of which is smaller than approximately 1 0" . 

In the chemical method a distinction should be made between pre-precipitation, simultaneous- 
40 precipitation and post-precipitation. In the pre-precipitation not only the phosphate content but also the 40 
amounts of a number of Impurities, such as organic and suspended matter, are reduced in the pre- 
purification step. In the pre-preclpltation process care should be taken that the amount of phosphate 
remaining In the pre-settled waste water is large enough in relation to the rest of the organic matter to 
act as nutrient for the biological process. This is rather difficult In the simultaneous-precipitation the 
45 phosphate is precipitated simultaneously with the biological purification. The sludge obtained after the 45 
purification has an increased P 2 0 5 content By phosphate precipitation in a separate third step of the 
water purification — called post-precipitation— the phosphate comes available as separate chemical 
sludge. 

Pre-precipitation and simultaneous-precipitation present a problem in that the maximum 
50 efficiency of the phosphorus removal is about 90%, which in many cases is too low. When using post- 50 
precipitation, efficiencies of up to more than 9996 can be reached. 

Theoretically, therefore, post-precipitation would be an ideal method of removing phosphate. It 
has been found, however, that in this process gel formation occurs, so that the precipitate can hardly or 
not be separated off from the liquid. The addition of a carrier such as sand to promote the dewatering 
55 properties has no effect. 55 
The object of the invention is to provide a process for the removal of phosphorus compounds from 
waste water in which this waste water is treated with one or more metal compounds, without any 
problems presenting themselves as regards the separation of the metal phosphate compounds. 
According to the invention this object is reached by treating the waste water with the metal 
60 compounds in a fluidized bed of metal phosphate particles. By preference, the metal component of the 60 
metal compound and that of the metal phosphate, are the same. 

Surprisingly, It has been found that In the process according to the invention the phosphate 
removal takes place rapidly and with a high efficiency, while the dewatering of the sludge presents no 
problems at all. 
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If this process is carried out in an upward flow reactor, a settling tank can often be done without 
as the reactor effluent does not contain any solids. 

In a preferred embodiment of the invention ground phosphate ore particles are used, for instance 
particles of a calcium phosphate ore such as apatite or calcium fluorophosphate. 
5 The metal phosphate particles may consist entirely of amorphous and/or crystalline metal 5 
phosphate. It is, however, also possible to replace part of the metal phosphate by other compounds that 
are difficult to dissolve in water, such as various calcium carbonate modifications. 

By preference, the metal phosphate particles contain at least 50% by weight of metal phosphate. 
If a part is replaced by other materials, by preference a salt with the same metal component as the 
10 metal phosphate will be chosen. 10 
The weight average particle size of the metal phosphate particles is generally chosen between 
0.01 and 5 mm, more particularly between 0.05 and 0.5 mm. This particle size is important for the 
efficiency of the process in relation to the size of the equipment The larger the particles, the larger the 
ftufdized bed will have to be to obtain the same purification efficiency. 
1 5 The liquid rate in the fluidized bed Is determined mainly by the requirements that on the one hand 1 5 
the metal phosphate particles are to be fluidized and on the other hand the effluent must not entrain 
solids from the reactor. 

As metal compounds especially iron, aluminium and/or calcium compounds are preferred. 
Examples of usual compounds are iron chloride, aluminium sulphate, calcium hydroxide (limemilk) and 
20 calcium sulphate (gypsum). 20 
There is advantage in continuously or intermittently discharging part of the phosphate particles 
and using them as and/or processing them into phosphoric acid, technical-grade phosphate, cattle feed 
phosphate and/or phosphorus-containing fertilizer. 

The residence time of the waste water in the fluidized bed must at least be so long that the 
25 reactions between the phosphorus and the metal compounds are complete or practically complete. 25 
The solid material formed in this process may consist of various modifications of metal phosphate, 
the metal: P ratio varying in dependence of the H : P . ratio or the OH : P ratio. Furthermore, an amount of 
crystal water may be present 

The process according to the invention is very suitable for application at last (third) step of a 
30 conventional purification of domestic waste water, in which the phosphate removal is preceded by a 30 
biological purification. 

According to a very suitable embodiment of the process according to the invention at least 1 mole 
of iron and/or aluminium compound (calculated as Fe +++ or Al +++ ) is supplied to the ffuldized bed per 
mole of phosphate in the waste water supplied. By preference, a virtually stoichiometric amount or a 

35 small excess of iron and/or aluminium compound is supplied, for instance 1 — 2 moles of iron and/or 35 
aluminium compound per mole of phosphate In the waste water supplied. Further, the pH of the effluent 
from the fluidized bed is controlled at a value between 4 and 6. Thus, on the phosphate particles in the 
fluidized bed a precipitate is obtained that consists of practically pure iron and/or aluminium phosphate. 
With this embodiment a dephosphatizing efficiency of more than 99% can be reached. 

40 According to another very suitable embodiement of the process according to the invention 4 — 25 40 
moles, by preference 8 — 20 moles, of calcium compound (calculated as Ca ++ ) are supplied to the 
fluidized bed per mole of phosphate in the waste water supplied. By preference, a combination of 
gypsum and calcium hydroxide Is used as calcium compound, which has as the advantage that the pH 
of the effluent can be controlled at a lower value than when only calcium hydroxide is used, while even a 

45 smaller amount of calcium ions Is needed and, moreover, gypsum is even cheaper than calcium 45 
hydroxide. Further, the pH of the effluent is controlled at a value between 7 and 1 1, by preference 
between 7.5 and 9.5. Thus, a precipitate consisting of a mixture of calcium phosphate and calcium 
carbonate is obtained on the phosphate particles. With this embodiment a dephosphatizing efficiency of 
more than 99% can be reached. 

50 According to a third very suitable embodiment of the process according to the invention at least 50 
1 .5 moles, by preference 2 — 8 moles, of calcium compound (calculated as Ca*+) are supplied to the 
fluidized bed per mole of phosphate in the waste water supplied. In doing so, use is made especially of 
the amount of calcium compound that the waste water contains by nature. A further amount of calcium 
compound is supplemented only if the waste water supplied contains by nature an insufficient amount 

55 of calcium compound to precipitate the phosphate In this waste water to a sufficient extentin the 55 
fluidized bed. Further, the pH of the effluent Is controlled at virtually neutral value, for instance between 
6 and 8 and by preference between 6.8 and 7.8. Thus, a precipitate consisting of practically pure 
calcium phosphate is obtained on the phosphate particles. With this embodiment a dephosphatizing 
efficiency of more than 95% can be reached. 

60 If phosphate is to be removed from industrial waste water, e.g. the waste water from a phosphoric 60 

acid plant, a mixed fertilizer plant or a galvanizing works, it is in some cases possible to apply the 
process according to the invention as such, i.e. without a preciding biological purification. If the 
phosphate is to be removed from waste water from a phosphoric acid and/or mixed fertilizer plant, it will 
be preferred to make use as much as possible of gypsum as metal compound, since this compound is 

65 there obtained in large quantities. 55 
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The invention will now be elucidated with the aid of the following examples, but is not limited 
thereto. 

EXAMPLE I 

Into a glass column with an internal diameter of 35 mm and a total length of 500 mm, 270 g of 
5 ground iron phosphate with a particle size between 0.08 and 0.35 mm was introduced. 5 

This phosphate was brought Into fluidization by supplying 1 0 1 of waste water per hour to the 
bottom, which resulted in a bed height of approximately 390 mm. 

This waste water was the effluent from a biological purification plant for domestic waste water, 
and contained on an average 1 0 mg/l of phosphorus compounds, expressed as P. 
1 0 Simultaneously, an iron chloride solution was metered to the fluidized bed in such an amount that 1 0 
per hour 1 85 mg of Fe 1 4 f was supplied to the fluidized bed. 

By acidifying the waste water in the fluidized bed the pH of the effluent was controlled at a value 
of 5.0. 

A clear effluent with a phosphate content of 0.1 mg P/l was obtained. The phosphate removal 
15 efficiency obtained thus was 99%. 15 

EXAMPLE II 

Into a glass column with an internal diameter of 35 mm and a total length of 500 mm, 260 g of 
ground aluminium phosphate with a particle size between 0.1 2 and 0.25 mm was introduced. 

This phosphate was brought into fluidization by supplying 10 1 of waste water per hour to the 
20 bottom, which resulted in a bed height of approximately 41 0 mm. 20 

This waste water was the effluent a biological purification plant for domestic waste water, and 
contained on an average 1 0 mg/l of phosphorus compounds, expressed as P. 

Simultaneously, an aluminium sulphate solution was metered to the fluidized bed in such an 
amount that per hour 90 mg of Al ++4 was supplied to the fluidized bed. 
25 By acidifying the waste water In the fluidized bed the pH of the effluent was controlled at a value 25 
of 5.3. 

A clear effluent with a phosphate content of 0.1 mg PA was obtained. The phosphate removal 
efficiency obtained thus was 99%. 

EXAMPLE 111 — X 

30 Into a glass column with an Internal diameter of 35 mm and a total length of 500 mm, 250 g of 

ground calcium phosphate ore (Kouribga phosphate) with a particle size between 0.1 and 0.2 mm was 30 
introduced. 

This ore was brought into fluidization by supplying 1 0 1 of waste water per hour to the bottom, 
which resulted in a bed height of approximately 400 mm. 
35 This waste water was the effluent from a biological purification plant for domestic waste water 

and contained on an average 1 0 mg/l of phosphorus compounds, expressed as P, and 50 mg/l of 35 
calcium compound, expressed as Ca ++ . 

In Example III — VII simultaneously lime and/or gypsum suspension was metered to the fluidized 

bed. 

40 The various conditions and results are shown in the table. For each example the table successively 
indicates the amount of calcium hydroxide metered, the amount of gypsum metered, the total amount 40 
of calcium compound supplied to the fluidized bed (all three of which are expressed in g of Ca" 1 + per litre 
of waste water), the pH of the effluent from the column, the residual phosphate content and the 
phosphate removal efficiency. 
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example 
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Ca(0H) 2 
(g Ca 4 7U 


CaS0 4 -2 
(g Ca^/I) 


total of 
calcium 
compound 
supplied 
(gCa+Vl) 


pH 


P 

(mg P/l) 


efficiency 


III 


0.03 


— 


0.08 


8.3 


0.5 


95 


IV 


0.10 


— 


0.15 


9.1 


0.3 


97 


V 


0.03 


0.04 


0.13 


8.6 


0.3 


97 


VI 


0.13 




0.18 


10.1 


<0.1 


>99 


VII 


0.08 


0.04 


0.18 


9.2 


<0.1 


>99 


VIII 






0.05 


6.8 


0.4 


96 


XI 






0.05 


7.1 


0.2 


98 


X 






0.05 


7.7 


0.1 


99 



CLAIMS 

1 . Process for the chemical removal of phosphorous compounds from waste water by treating the 
waste water containing phosphorous compounds with one or more metal compounds to form a water- 

5 insoluble metal phosphate compound, this process being characterized in that the waste water is 5 
treated with the metal compound in a fluidized bed of metal phosphate particles. 

2. Process according to claim 1 , characterized in that the metal component of the metal 
compound and that of the* metal phosphate are the same. 

3. Process according to either of claims 1 and 2, characterized In that ground phosphate ore is 

10 used. 10 

4. Process according to claims 1 — 3, characterized in that the weight average particle size of the 
metal phosphate particles is between 0.01 and 5 mm. 

5. Process according to claim 4, characterized in that the weight average particle size is between 
0.05 and 0.5 mm. 

1 5 6. Process according to any one of the claims 1 — 5, characterized in that one or more compounds 1 5 

or iron, calcium and/or aluminium are used as metal compound. 

7. Process according to any one the claims 1 — 6, characterized In that part of the metal phosphate 
particles is continuously or Intermittently discharged and used as and/or processed Into phosphoric acid, 
technical-grade phosphate, cattle feed phosphate and/or phosphorous-containing fertilizer. 

20 8. Process according to claim 6, characterized in that one or more compounds of iron and/or 20 
aluminium are used as metal compound and at least 1 mole of iron and/or aluminium compound 
(calculated as Fe +++ or Al* ++ ) Is supplied to the fluidized bed per mole of phosphate In the waste water 
supplied, and also in that the pH of the effluent Is controlled at a value between 4 and 6. 

9. Process according to claim 6, characterized in that one or more compounds of calcium are used 

25 as metal compound and 4 — 25 moles of calcium compound (calculated as Ca ++ ) are supplied to the 25 
fluidized bed per mole of phosphate in the waste water supplied, and also in that the pH of the effluent 
is controlled at a value between 7 and 1 1 . 

1 0. Process according to claim 6, characterized in that one or more compounds of calcium are 
used as metal compound and at least 1.5 moles of calcium compound (calculated as Ca ++ ) are supplied 

30 to the fluidized bed per mole of phosphate in the waste water supplied, and also in that the pH of the 30 
effluent is controlled at a value between 6 and 8. 

1 1 . Process according to claim 8, characterized in that 1 — 2 moles of iron and/or aluminium 
compound (calculated as Fe +++ or Al +++ ) are supplied to the fluidized bed per mole of phosphate in the 
waste water supplied. 

35 12. Process according to claim 9, characterized in that 8^—20 moles of calcium compound 35 

(calculated as Ca * are supplied to the fluidized bed per mole of phosphate in the waste water supplied. 

1 3. Process according to either of claims 9 and 1 2, characterized in that the pH of the effluent is 
controlled at a value between 7.5 and 9.5. 

1 4. Process according to claim 9, 1 2 or 1 3, characterized in that a mixture of calcium hydroxide 

40 and calcium sulphate is used as calcium compound. 40 

1 5. Process according to claim 1 0, characterized in that 2 — 8 moles of calcium compound 
(calculated as Ca ' * ) are supplied to the fluidized bed per mole of phosphate in the waste water supplied. 
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1 6. Process according to either of claims 1 0 and 1 5, characterized in that the pH of the effluent is 
controlled at a value between 6.8 and 7.8. 

1 7. Process according to claim 10 f 1 5 or 1 6, characterized in that apart from the amount of 
calcium compound that the waste water supplied contains by nature no further amount of calcium 

5 compound is supplemented to the fluidized bed. 5 

1 8. Process for the purification of waste water, characterized in that the waste water is purified 
biologically in a first step and the effluent from this purification is subjected to a removal of phosphorus 
compounds according to one or more of the claims 1 — 1 7. 

1 9. Process according to claim 1 , substantially as described and/or elucidated on the basis of the 

10 examples. 10 
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